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(57) ABSTRACT

An image display apparatus, including: a light source which
emits coherent light; a spatial modulation element which
diffracts the coherent light by displaying a diffraction grating
pattern corresponding to an input image and which displays a
virtual image by the diffracted light; and a control unit which
calculates a total brightness representing a sum total of
brightnesses of all pixels of the input image, and controls at
least one of the light source and the spatial modulation ele-
ment in such a manner that, if the total brightness has
decreased, the virtual image is displayed at a lower brightness
than a reference virtual image displayed when the input
image is used directly.

8 Claims, 12 Drawing Sheets
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FIG. 7
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FIG. 11
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1
IMAGE DISPLAY APPARATUS

TECHNICAL FIELD

The present invention relates to an image display apparatus
which displays an image by diffracting coherent light using a
diffraction grating pattern.

BACKGROUND ART

One type of image display apparatus which displays an
image by diffracting coherent light using a diffraction grating
pattern is an image display apparatus which uses a computer
generated hologram (hereinafter called “CGH”).

In this image display apparatus, a diffraction grating pat-
tern determined by a computer on the basis of an input image
corresponding to a target display image that is to be displayed
is displayed on a phase modulation type of liquid crystal
panel, or the like, and by irradiating laser light onto the liquid
crystal panel so as to cause diffraction, a wave front of display
light from a virtual image position is reproduced and a virtual
image is displayed to a user. As a result of this, a characteristic
feature of the CGH method is that a three-dimensional ste-
reoscopic image can be displayed at a position in front of or
behind the liquid crystal panel.

For example, one image display apparatus which displays
a three-dimensional stereoscopic image by a CGH method is
a three-dimensional scene holographic reconstruction appa-
ratus (see Patent Document 1). Furthermore, although it does
not involve a CGH method, there is also an image display
apparatus which displays a three-dimensional stereoscopic
image to a user by a diffraction grating pattern (see Patent
Document 2).

In the image display apparatus which uses the CGH
method described above, although a large amount of research
has been carried out into a three-dimensional image display
method which produces a natural three-dimensional effect,
such a method has not come into common use yet, for reasons
such as the fact that it requires a laser light source and a spatial
modulation element having a small pixel pitch and a large
number of pixels. However, in recent years, liquid crystal
panels for a projector have achieved higher definition, and
furthermore higher output has been achieved in visible-range
semiconductor lasers and an image display apparatus using a
CGH method has come close to practical application.

As described above, a conventional image display appara-
tus using a CGH method irradiates laser light onto a spatial
modulation element which is displayed in superimposed
fashion with a diffraction grating pattern on respective pixels
of an input image, and displays an image by laser light dif-
fracted by the displayed diffraction grating pattern.

Here, when displaying an input image in which a large
number of pixels of high brightness are present, a plurality of
diffraction grating patterns are superimposed, and therefore
the respective diffraction grating patterns are unclear. As a
result of this, the diffracted light on the displayed pixels is
reduced and pixels are displayed at a lower brightness than
the brightness that should be displayed. Conversely, when
displaying an input image in which there is only a small
number of pixels of high brightness, the extent of superim-
position of the diffraction grating patterns is small, and there-
fore the diffraction grating patterns of the respective pixels
are displayed clearly. As a result of this, the diffracted light on
the displayed pixels is increased and pixels are displayed at a
higher brightness than the brightness that should be dis-
played.
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From another perspective, the diffraction efficiency of
laser light irradiated onto the spatial modulation element does
not change greatly with the input image, and the sum total of
the brightness of the whole virtual image does not change
greatly. Therefore, if the input image contains a large number
of'pixels having a high brightness, the laser light is distributed
to a large number of pixels and the pixels of the virtual image
are displayed at low brightness. On the other hand, when the
input image only contains a small number of pixels of high
brightness, then the laser light is concentrated in a small
number of pixels and the pixels of the virtual image are
displayed at a higher brightness. In this way, when displaying
an image by a computer hologram, since the diffraction effi-
ciency is virtually uniform, then if there is a small number of
bright pixels in the input image, the brightness becomes
higher than the brightness that should be displayed, and con-
versely, if there is a large number of bright pixels, the bright-
ness becomes lower than the brightness that should be dis-
played.

Furthermore, by using laser light sources of three types, a
red, green and blue light source, and superimposing and out-
putting the images of the respective colors, it is possible to
achieve a full color image display, but when a full color image
display is performed, then color deviations occur in the vir-
tual image if there is variation in the number of pixels having
high brightness in the input images of the respective colors, as
described above.

In this way, in a conventional image display apparatus
whichuses a CGH method, when performing a moving image
display, the number of pixels having high brightness in the
input image changes, and therefore the brightness and display
color change with the scene and similarly, when displaying an
information image such as text characters, the number of
pixels of high brightness in the input image changes with the
number of text characters, and hence there is a problem in that
the brightness and display color change, and so on.

Patent Document 1: Japanese Translation of PCT Applica-
tion No. 2008-541145

Patent Document 2: Japanese Patent Application Publica-
tion No. 6-202575

SUMMARY OF THE INVENTION

It is an object of the present invention to provide an image
display apparatus which is capable of displaying a virtual
image at a desired brightness, without being affected by varia-
tion in the number of pixels of high brightness in the input
image.

The image display apparatus relating to one aspect of the
present invention includes: a light source which emits coher-
ent light; a spatial modulation element which diffracts the
coherent light by displaying a diftraction grating pattern cor-
responding to an input image and which displays a virtual
image by the diffracted light; and a control unit which calcu-
lates a total brightness representing a sum total of bright-
nesses of all pixels of the input image, and controls at least
one of the light source and the spatial modulation element in
such a manner that, if the total brightness has decreased, the
virtual image is displayed at a lower brightness than a refer-
ence virtual image displayed when the input image is used
directly.

The image display apparatus described above can display a
virtual image at a desired brightness, without being affected
by variation in the number of pixels of high brightness in the
input image.
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3
BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 s a schematic drawing showing a composition of an
image display apparatus according to a first embodiment of
the present invention.

FIG. 2 is a diagram showing a relationship between an
injection current to a semiconductor laser and a light output.

FIG. 3 is a diagram showing a time waveform of the light
output and the injection current to the semiconductor laser,
and the relationship between the injection current to the semi-
conductor laser and the light output, when the light output is
a maximum.

FIG. 4 is a diagram showing a time waveform of the light
output and the injection current to the semiconductor laser,
and the relationship between the injection current to the semi-
conductor laser and the light output, when the light output is
a one-fifth of maximum output.

FIG. 5 is a schematic drawing showing a composition of a
further image display apparatus according to a first embodi-
ment of the present invention.

FIG. 6 is a schematic drawing showing a composition of an
image display apparatus according to a second embodiment
of the present invention.

FIG. 7 is a diagram showing one example of an input image
in which the number of text characters input to the control
circuit shown in FIG. 6 is small.

FIG. 8 is a diagram showing one example of an input image
in which the number of text characters input to the control
circuit shown in FIG. 6 is large.

FIG. 9 is a diagram showing one example of an input image
in which the font size of the text information images is
increased.

FIG. 10 is a schematic drawing showing a further compo-
sition of an image display apparatus according to a second
embodiment of the present invention.

FIG. 11 is a diagram showing one example of an input
image created by adding an outer frame pattern to the input
image shown in FIG. 7.

FIG. 12 is a diagram showing one example of an input
image to which a text string image has been added as a control
pattern, when the number of text characters is small.

FIG. 13 is a diagram showing one example of an input
image to which a text string image has been added as a control
pattern, when the number of text characters is large.

FIG. 14 is a diagram showing one example of an input
image to which a uniform pattern has been added as a control
pattern, when the number of text characters is small.

FIG. 15 is a diagram showing one example of an input
image to which a distributed pattern has been added as a
control pattern, when the number of text characters is small.

FIG. 16 is a schematic drawing showing a composition of
an image display apparatus according to a third embodiment
of the present invention.

FIG. 17 is a schematic drawing showing a further compo-
sition of an image display apparatus according to a third
embodiment of the present invention.

BEST MODE FOR CARRYING OUT THE
INVENTION

Below, an embodiment of the present invention is
described with reference to the drawings.

(First Embodiment)

FIG. 1 s a schematic drawing showing a composition of an
image display apparatus according to a first embodiment of
the present invention. The image display apparatus shown in
FIG. 1 includes a light source 101, an illumination optics
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system 102, a spatial modulation element 103 and a control
circuit 105. In the present embodiment, a computer hologram
(CGH) method is used, for example, as a method for display-
ing an image by diffracting coherent light using a diffraction
grating pattern, and a target display image 201 is displayed as
a virtual image to an observer 104.

The light source 101 is a laser light source which outputs
laser light, as one example of coherent light. For example, a
semiconductor laser (laser diode) which outputs laser light of
a green wavelength is used as the light source 101. The
wavelength of the coherent light is not limited in particular to
the example described above, and it is also possible to use
another color, or to carry out a black and white display using
white light.

The illumination optics system 102 converts the coherent
light from the light source 101 into illumination light by
changing the wave front shape and intensity distribution of
the laser light from the light source 101, and emits this illu-
mination light onto the spatial modulation element 103. For
example, it is possible to use a convex lens which converts
diffuse laser light into converging light as an illumination
optics system 102. The illumination optics system which
changes the wave front shape of the illumination light may be
a lens or a mirror, or may be an element which is capable of
dynamically changing the wave front shape, and the like, as in
a liquid crystal lens. Furthermore, the illumination optics
system may also include an optics system which changes the
intensity distribution.

Furthermore, it is also possible to omit the illumination
optics system itself, and in this case, no optical component is
arranged between the light source 101 and the spatial modu-
lation element 103, and the space is used directly. In this case,
the laser light from the light source 101 is a spherical wave
front centered at the light source, and by considering the
curvature of this wave front, it is possible to calculate the
diffraction grating pattern displayed on the spatial modula-
tion element 103. In this composition, since there are no
optical components, then stray light caused by aberration or
reflected light, and the like, is not liable to occur and there is
an advantage in that a clear image can be obtained.

Here, an input image (input image data) IS is input to the
control circuit 105 from an external source, as image data
forming an input signal. The input image IS has brightness
data or data which enables calculation of the brightness, for
all of the pixels which constitute the input image. In the
present embodiment, an example is described in which an
input image IS is input from a source external to the appara-
tus, for example, a prescribed image output device or another
device via a network, or the like, but the invention is not
limited in particular to this example and various modifica-
tions can be made, such as generating an input image inside
the image display apparatus, and so on.

The spatial modulation element 103 diffracts the illumina-
tion light from the illumination optics system 102 by display-
ing a diffraction grating pattern corresponding to the input
image IS. It is possible to use a phase modulation type of
reflective liquid crystal panel as the spatial modulation ele-
ment 103. The spatial modulation element may use another
display element, or may use a transmissive type of spatial
modulation element, provided that the element can diffract
illumination light by displaying a diffraction grating pattern.
The transmissive type of spatial modulation element has an
advantage in that aberration due to warpage of the element or
manufacturing errors is less liable to occur, compared to a
reflective type of element, and therefore it is possible to
display a stable image.
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The control circuit 105 includes a diffraction grating pat-
tern generation unit 106, a light output control unit 107 and a
total brightness calculation unit 108. The input image IS is
input to the diffraction grating pattern generation unit 106 and
the total brightness calculation unit 108. The diffraction grat-
ing pattern generation unit 106 causes a diffraction grating
pattern corresponding to the input image IS to be displayed on
the spatial modulation element 103. The spatial modulation
element 103 receives irradiation of illumination light from the
illumination optics system 102, and diffracts the illumination
light by the diffraction grating pattern. A target display image
201 is displayed by the diffracted light, and an observer 104
perceives a virtual image.

The total brightness calculation unit 108 calculates the sum
total of the brightnesses of all of the pixels in the input image
IS (total brightness), in frame units, and outputs the result to
the light output control unit 107. The light output control unit
107 drives the light source 101 in accordance with the sum
total of the brightnesses of all of the pixels in the input image
IS, and controls the output light from the light source 101.

More specifically, the light output control unit 107 controls
the light source 101 so as to set a higher output of the light
source 101, the greater the number of pixels of high bright-
ness and the higher the total brightness in the calculation
result from the total brightness calculation unit 108, and so as
to set a lower output of the light source 101, the smaller the
number of pixels of high brightness and the lower the total
brightness. As a result of this, it is possible to make the output
of laser light from the light source 101 proportional to the
total brightness which is calculated by the total brightness
calculation unit 108.

For example, if a semiconductor laser is used as the light
source 101, then the output of laser light can be controlled by
controlling the injection current to the semiconductor laser.
FIG. 2 shows a relationship between an injection current to a
semiconductor laser and an output of laser light (light output).
The term It in the diagram indicates the threshold current of
the semiconductor laser.

As shown in FIG. 2, from the operating point Oa to the
operating point Ob, the light output is proportional to the
injection current, and therefore by means of the light output
control unit 107 setting an injection current from the operat-
ing point Oa to the operating point Ob, in the light source 101,
it is possible to set a desired light output from the maximum
light output to one-tenth of the maximum output, in accor-
dance with the total brightness calculated by the total bright-
ness calculation unit 108. Although not shown in the draw-
ings, more precise control of the light output can be achieved
by branching the light output of the semiconductor laser and
implementing feedback control while monitoring the light
output with a light receiving element.

The laser light output control method of the light source
101 is not limited in particular to the example described
above, and various modifications are possible. For example,
the light output control unit 107 may control the output of the
light source 101 in such a manner that a virtual image is
displayed at a lower brightness than a reference virtual image
displayed when the input image is used directly, if the total
brightness in the calculation result from the total brightness
calculation unit 108 has decreased. Furthermore, the light
output control unit 107 may control the output of the light
source 101 in such a manner that a virtual image is displayed
atahigher brightness than a reference virtual image displayed
when the input image is used directly, if the total brightness in
the calculation result from the total brightness calculation
unit 108 has increased.

10

15

20

25

30

35

40

45

50

55

60

65

6

As described above, it is possible to reduce the output of the
laser light when the total brightness is no more than a pre-
scribed threshold value, and it is possible to increase the
output of the laser light when the total brightness is no less
than a prescribed threshold value. By implementing control in
such a manner that the total brightness and the output of laser
light are not directly proportional in this way, it is possible to
respond to larger variations in the total brightness of the target
display image, by a relatively small control range of the light
emission amount.

Furthermore, in the present embodiment, it is possible to
control the lighting period of the light source 101, either
instead of the control of the light output described above or in
addition to the control of the light output described above. In
this case, the light output control unit 107 may control the
lighting period of the light source 101 so as to set a longer
lighting period of the light source 101, the greater the number
ofpixels of high brightness and the higher the total brightness
in the calculation result from the total brightness calculation
unit 108, and so as to set a shorter lighting period of the light
source 101, the smaller the number of pixels of high bright-
ness and the lower the total brightness. In this case also, it is
possible to make the output of laser light from the light source
101 proportional to the total brightness which is calculated by
the total brightness calculation unit 108.

Furthermore, the light output control unit 107 may control
the lighting period of the light source 101 in such a manner
that a virtual image is displayed at a lower brightness than a
reference virtual image displayed when the input image is
used directly, if the total brightness in the calculation result
from the total brightness calculation unit 108 has decreased.
Furthermore, the light output control unit 107 may control the
lighting period of the light source 101 in such a manner that a
virtual image is displayed at a higher brightness than a refer-
ence virtual image displayed when the input image is used
directly, if the total brightness in the calculation result from
the total brightness calculation unit 108 has increased.

For example, if a semiconductor laser is used as the light
source 101, then the lighting period of the laser light can be
controlled by controlling the injection current to the semicon-
ductor laser. FIG. 3 is a diagram showing a time waveform of
the light output and the injection current to the semiconductor
laser, and the relationship between the injection current to the
semiconductor laser and the light output when the output of
the laser light (light output) is a maximum. FIG. 4 is a diagram
showing a time waveform of'the light output and the injection
current to the semiconductor laser, and the relationship
between the injection current to the semiconductor laser and
the light output when the output of the laser light (light out-
put) is one-fifth of maximum output. F in FIG. 4 indicates one
frame period of the input image.

Firstly, when the light output is set to maximum, the light
output control unit 107 sets the light source 101 to the injec-
tion current shown in the lower part of FIG. 3, whereby, in one
frame period F, the extinction time t0 is set initially, where-
upon the lighting period t1 is set.

Next, if the light output is set to one-fifth of the maximum
output, the light output control unit 107 sets the light source
101 to the injection current shown in the lower part of FIG. 4,
whereby, in one frame period F, the extinction time t0 is set
initially, whereupon the lighting period t2 is set, the lighting
period 12 is one-fifth of the period of the lighting period t1,
and the remaining four-fifths of the period (F-t0-t2) is set as
an extinction period, and the injection current during this
period is 0.

As described above, when obtaining a maximum light out-
put, the light source 101 is extinguished in the period where
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the spatial modulation element 103 is instable between
frames (period t0), thereby preventing destabilization of the
image output. Furthermore, by setting the injection current to
avalue slightly lower than the threshold current It which is the
oscillating threshold of the semiconductor laser, in the period
where the light source is extinguished between frames (pe-
riod t0), the rise of the light output at the start of light emission
(the starting time of the lighting period t2) becomes sharper.
As a result of this, even if a shorter lighting period is set, the
lighting period and the light output area are accurately pro-
portional and the dynamic range of the light output control is
made greater.

Furthermore, by means of the control of the light emission
amount based on the lighting period in this way, it is possible
to light up the light source with an injection current which is
substantially proportional to the light output, except for the
injection current which is initially extinguished between
frames, and it is possible to set the injection current to zero in
the period (F-t0-t2) after the lighting period. Here, as in the
example in FIG. 2, in the case of control of the light emission
amount based on the amount of injection current, even if the
light emission amount is one-tenth, the injection current is
required to be approximately 80% of the current at maximum
light emission, and hence even if the light emission amount is
reduced, it is not possible to reduce the required current in
proportion to the light emission amount. On the other hand, as
in the example in FIG. 3 and FIG. 4, with control of the light
emission amount based on the lighting period, itis possible to
set the injection current to zero after a lighting period propor-
tional to the desired light output has passed, and therefore it is
possible to reduce the power consumption of the apparatus in
comparison with control of the light emission amount based
on the injection current amount.

In the case of both the control of the injection current value
and the control of the light period described above, due to the
reasons described below, there is a possibility that the
dynamic range of the control will be restricted to a limited
range. In other words, if the light emission amount is set to an
extremely small amount by control of the injection current
value, then control is performed in the vicinity of the thresh-
old current of the semiconductor laser, and it may become
difficult to obtain the desired light emission power accurately,
due to the effects of variation in the ambient temperature,
deterioration in the properties of the semiconductor laser, and
so on. Furthermore, even if using feedback control, the con-
trol accuracy deteriorates due to increase in the effects of
stray light, and the like. Similarly, in the case of control of the
lighting period, it may be difficult to achieve accurate emis-
sion of light at the desired output power, with a very short
lighting period, due to blunting of the rise and fall of the light
output waveform and ringing effects.

On the other hand, the sum total of the brightness of all of
the pixels included in the input image IS varies greatly with
the scene, and therefore a large dynamic range is required in
control of the light emission amount of the light source in an
image display apparatus based on a CGH method. Therefore,
the light output control unit 107 may control the light emis-
sion amount by simultaneously controlling both the injection
current value and the lighting period. In this case, it is possible
to control an extremely small light emission amount accu-
rately, if a smaller injection current is set for a short lighting
period, and therefore the dynamic range of the control of the
light emission amount can be expanded significantly.

FIG. 5 is a schematic drawing showing a composition of a
further image display apparatus according to a first embodi-
ment of the present invention. The point of difference of the
image display apparatus shown in FIG. 5 with respect to the
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image display apparatus shown in FIG. 1 is that the light
source 101 is changed to a light source 101R which emits
laser light of ared color, a light source 101G which emits laser
light of a green color, and a light source 101B which emits
laser light of a blue color, and the spatial modulation element
103 and the control circuit 105 are operated in accordance
with this change.

As shown in FIG. 5, the light source is constituted by light
sources of three colors, red, green and blue, namely, the light
source 101R, the light source 101G and the light source 101B.
The total brightness calculation unit 108 calculates the sum
total of the brightnesses of all of the pixels of the input image
IS (total brightness), for each color, and outputs the results to
the light output control unit 107. The light output control unit
107 respectively controls the light source 101R, the light
source 101G and the light source 101B in accordance with the
total brightness of each color, similarly to the image display
apparatus shown in FIG. 1.

The diffraction grating pattern generation unit 106 causes
diffraction grating patterns corresponding to the images of
each color in the input image IS to be displayed on the spatial
modulation element 103 by time division. The spatial modu-
lation element 103 receives irradiation of illumination light of
the respective colors from the illumination optics system 102,
and diffracts the illumination light for each color by the
diffraction grating patterns. A target display image 201 is
displayedin color by the diffracted light for each color, and an
observer 104 perceives a virtual image.

As described above, in the present embodiment, the three
colors of red, green and blue are driven by time division and
processed simultaneously, and the diffraction grating patterns
of the images of the respective colors corresponding to the
input image IS are displayed on the spatial modulation ele-
ment 103, whereby a color display can be achieved. Conse-
quently, even in cases where a multi-color display is carried
out using a plurality of laser light sources, the total brightness
is calculated for the input images of each respective color and
the output and/or lighting period of the respective laser lights
is controlled is in proportion to the total brightness. As a result
of this, it is possible to display a color image at a desired
brightness without giving rise to color deviation, in different
scenes. In this way, in the present embodiment, it is possible
to a provide a display apparatus capable of image display
which is free of color deviations, at a uniform brightness,
without being affected by variations in the number of pixels of
high brightness in the input image.

Furthermore, in the composition in FIG. 5, since the same
spatial modulation element 103 is used commonly for laser
lights of three colors, then the light source 101R, the light
source 101G and the light source 101B are arranged sequen-
tially from top to bottom, for instance, in order of increasing
angle of diffraction in the main diffraction direction, in such
a manner that the red laser light which has a longer wave-
length is diffracted by a larger angle, and the blue laser light
which has a shorter wavelength is diffracted by a smaller
angle. By adopting a composition of this kind, the directions
in which the lights of all of the colors are diffracted substan-
tially coincide with each other and it is possible to achieve a
viewing region in which all of the colors can be observed, by
means of a simple composition.

(Second Embodiment)

FIG. 6 is a schematic drawing showing a composition of an
image display apparatus according to a second embodiment
of'the present invention. The points of difference of the image
display apparatus shown in FIG. 6 with respect to the image
display apparatus shown in FIG. 1 are that the control circuit
105 is changed to a control circuit 105q, and a text informa-
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tion changing unit 109 is added to the control circuit 105a.
Points other than these are similar to the image display appa-
ratus shown in FIG. 1 and are not described in detail below, a
detailed description being given below only for the points of
difference.

FIG. 7 is a diagram showing one example of an input image
containing a small number of text characters which is input to
the control circuit 105a shown in FIG. 6, and FIG. 8 is a
diagram showing one example of an input image containing a
large number of text characters which is input to the control
circuit 105a shown in FIG. 6.

The inputimage shown in FIG. 7 includes a plurality of text
information images which represent text characters, as partial
images having a high brightness (a maximum brightness or a
brightness that is higher than the average brightness of the
input image IS, for example, green or white) (in FIG. 7, the
text information images are “N”, “e”, “w”, “WI”, “a”, “i”,
“17, “1”), and the image in the other portions is displayed at
alow brightness (a minimum brightness or a brightness thatis
lower than the average brightness of the input image IS, for
example, black). The small number of text information
images are displayed in a portion of the display region. Fur-
thermore, the input image shown in FIG. 8 includes a plurality
of text information images representing text characters (in
FIG. 8, “A”, ...,/ ... ,“A”) as partial images having high
brightness, and the image in the other portions is displayed at
a low brightness. The large number of text information
images are displayed in substantially the whole of the display
region. The text information images are not limited in par-
ticular to the examples described above, and may include
symbols, such as “+” and “A”, map symbols, pictograms, and
various other types of text characters and symbols, provided
that they can be displayed in character units.

The total brightness calculation unit 108 calculates a sum
total of the brightnesses of all pixels in the input image shown
in FIG. 7 or FIG. 8 (total brightness) and outputs the calcu-
lation result to the light output control unit 107 and the text
information changing unit 109. Here, the light output control
unit 107 may control the light source 101 similarly to the first
embodiment, but in order to simplify the description, in the
present embodiment, it is supposed that normal light source
control only is carried out, and the light amount control
described above is omitted. When controlling the light source
101 similarly to the first embodiment, the light amount con-
trol of the light source 101 is carried out in coordination with
the control described below, in such a manner that the bright-
ness of the target display image 201 becomes a desired bright-
ness. Furthermore, the total brightness calculation unit 108
may calculate the number of text information images (num-
ber of text characters) rather than the sum total of the bright-
nesses of all of the pixels of the input image (total brightness)
and may output the calculation result to the text information
changing unit 109.

The text information changing unit 109 enlarges the plu-
rality of text information images and outputs an input image
in which the plurality of text information images are enlarged,
to the diffraction grating pattern generation unit 106, when
the total brightness calculated by the total brightness calcu-
lation unit 108 has decreased, and the diffraction grating
pattern generation unit 106 controls the spatial modulation
element 103 so as to display a diffraction grating pattern
corresponding to the input image in which the plurality of text
information images have been enlarged. The spatial modula-
tion element 103 diffracts the illumination light from the
illumination optics system 102, by the diffraction grating
pattern, and a virtual image in which the plurality of text
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information images are enlarged is displayed by this dif-
fracted light, whereby a virtual image is displayed at a desired
brightness.

More specifically, when the input image shown in FIG. 8 is
input, the text information changing unit 109 compares the
calculation results of the total brightness calculation unit 108
(the total brightness) with a prescribed reference value (for
example, a total brightness when text characters, or the like,
are shown in no less than one half of the display region). In
this case, since the total brightness exceeds the reference
value, then the text information changing unit 109 judges that
the total brightness is high, in other words, that the number of
text information images (number of displayed text charac-
ters) is large, and outputs the input image directly to the
diffraction grating pattern generation unit 106. The diffrac-
tion grating pattern generation unit 106 in turn controls the
spatial modulation element 103 to display a diffraction grat-
ing pattern, by using the input image directly. As a result of
this, the target display image 201 corresponding to the input
image shown in FIG. 8 is displayed at a desired brightness.

Next, when the input image shown in FIG. 7 is input, the
text information changing unit 109 compares the calculation
results of the total brightness calculation unit 108 (total
brightness) with the reference value described above. In this
case, the total brightness is lower than the reference value, and
therefore the text information changing unit 109 judges that
the total brightness has decreased, in other words, the number
of text information images (number of displayed text charac-
ters) has decreased, and an input image having a changed font
size of the text information images is created in such a manner
that the font size of the text information images becomes
larger.

FIG. 9 is a diagram showing one example of an input image
in which the font size of the text information images is
increased. By the processing described above, the text infor-
mation changing unit 109 generates an input image such as
that shown in FIG. 9 and outputs this input image to the
diffraction grating pattern generation unit 106, and the dif-
fraction grating pattern generation unit 106 controls the spa-
tial modulation element 103 so as to display a diffraction
grating pattern corresponding to the input image which has an
increased font size.

As aresult of this, a virtual image of lower brightness than
the reference virtual image displayed when the input image
shown in FIG. 7 is used directly (a virtual image displayed
using the input image shown in FIG. 9) is displayed as the
target display image 201. In this way, a small number of text
characters is displayed at the same brightness as the virtual
image corresponding to the input image shown in FIG. 8, and
the target display image 201 can be displayed at the desired
brightness.

As described above, in the inputimage shown in FIG. 8, the
number of text characters is larger, and therefore a greater
number of pixels of high brightness is present in the target
display image and the brightness of the displayed pixels is
lower than in the case of FIG. 7. In order to suppress this
change in brightness, in the present embodiment, since the
number of text characters is small, then the number of pixels
otf'high brightness is made relatively greater by using a larger
font (the input image shown in FIG. 9), and it is possible to
reduce change in the brightness of the virtual image due to
variation in the number of displayed text characters.

Furthermore, the text information changing unit 109 may
change the font size of the text information images so as to
make the font size of the text information images smaller
when the total brightness has increased, in other words, when
the number of text information images (number of displayed
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text characters) has increased, and output the input image
having changed text information images to the diffraction
grating pattern generation unit 106. The diffraction grating
pattern generation unit 106 controls the spatial modulation
element 103 so as to display a diffraction grating pattern
corresponding to the input image having changed text infor-
mation images. In this case, since a virtual image having
higher brightness than the reference virtual image displayed
when the input image is used directly is shown as the target
display image 201, then a large number of text characters are
displayed at the same brightness as the virtual image corre-
sponding to the input image shown in FIG. 7, and the target
display image 201 can be displayed at the desired brightness.

The method for changing the text information images is not
limited in particular to the example described above, and the
number of pixels of high brightness can be made relatively
greater by changing the font to a bold font, for example. In this
case, the text information changing unit 109 changes the font
of the text information images so as to make the font of the
text information images thicker when the number of text
information images has decreased, and outputs the input
image having changed text information images to the diffrac-
tion grating pattern generation unit 106. The diffraction grat-
ing pattern generation unit 106 controls the spatial modula-
tion element 103 so as to display a diffraction grating pattern
corresponding to the input image having changed text infor-
mation images. As a result of this, since a virtual image
having lower brightness than the reference virtual image dis-
played when the input image is used directly is shown as the
target display image 201, and a small number of text charac-
ters are displayed at the same brightness as the virtual image
corresponding to the input image shown in FIG. 8, then the
change in the brightness of the display image due to variation
in the number of displayed text characters is reduced.

Furthermore, the text information changing unit 109 may
change the font of the text information images so as to make
the font of the text information images narrower when the
number of text information images has increased, and output
the input image having changed text information images to
the diffraction grating pattern generation unit 106. The dif-
fraction grating pattern generation unit 106 controls the spa-
tial modulation element 103 so as to display a diffraction
grating pattern corresponding to the input image having
changed text information images. In this case, since a virtual
image having higher brightness than the reference virtual
image displayed when the input image is used directly is
shown as the target display image 201, and a large number of
text characters are displayed at the same brightness as the
virtual image corresponding to the input image shown in FI1G.
7, then the change in the brightness of the display image due
to variation in the number of displayed text characters is
reduced.

Furthermore, the text information changing unit 109 can
change the font size and/or the font of the text information
images in the input image in such a manner that the font size
of the text information images becomes smaller and/or the
font of the text information images becomes narrower, the
higher the total brightness, in other words, the greater the
number of text information images (the number of displayed
text characters), whereas the font size of the text information
images becomes larger and/or the font of the text information
images becomes thicker, the lower the total brightness, in
other words, the smaller the number of text information
images (the number of displayed text characters). The text
information changing unit 109 outputs the input image hav-
ing changed text information images to the diffraction grating
pattern generation unit 106 and the diffraction grating pattern
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generation unit 106 controls the spatial modulation element
103 so as to display a diffraction grating pattern correspond-
ing to the input image having changed text information
images. In this case, it is possible to display text information
images at a uniform brightness, at all times.

FIG. 10 is a schematic drawing showing a further compo-
sition of an image display apparatus according to a second
embodiment of the present invention. The points of difference
of'the image display apparatus shown in FIG. 10 with respect
to the image display apparatus shown in FIG. 1 are that the
control circuit 105 is changed to a control circuit 1056, and a
control pattern addition unit 110 is added to the control circuit
10554. Points other than these are similar to the image display
apparatus shown in FIG. 1 and are not described in detail
below, a detailed description being given below only for the
points of difference. The light output control unit 107 may
control the light source 101 similarly to the first embodiment,
but in order to simplify the description, in the present embodi-
ment, it is supposed that only normal light source control is
carried out.

The control pattern addition unit 110 adds a control pattern
(described hereinafter) to the input image IS, when the total
brightness calculated by the total brightness calculation unit
108 has decreased, and outputs the input image with the
added control pattern to the diffraction grating pattern gen-
eration unit 106. The diftraction grating pattern generation
unit 106 then controls the spatial modulation element 103 so
asto display a diffraction grating pattern corresponding to the
input image with the added control pattern. The spatial modu-
lation element 103 diffracts the illumination light from the
illumination optics system 102, by the diffraction grating
pattern, and a target display image 201 having increased
brightness is displayed by the diffracted light, whereby a
virtual image is displayed at a desired brightness.

More specifically, when the input image shown in FIG. 8 is
input, the control pattern addition unit 110 compares the
calculation results of the total brightness calculation unit 108
(the total brightness) with a prescribed reference value (for
example, a total brightness when text characters, or the like,
are shown in no less than one half of the display region). In
this case, since the total brightness exceeds the reference
value, then the control pattern addition unit 110 judges that
the total brightness is high, in other words, that the number of
text information images (number of displayed text charac-
ters) is large, and outputs the input image directly to the
diffraction grating pattern generation unit 106 without adding
a control pattern. The diffraction grating pattern generation
unit 106 in turn controls the spatial modulation element 103 to
display a diffraction grating pattern, by using the input image
directly. As a result of this, the target display image 201
corresponding to the input image shown in FIG. 8 is displayed
at a desired brightness. In the description given above, an
example is described in which a control pattern is not added,
but it is also possible to add a control pattern having low
brightness or minimum brightness (for example, a black
color), and in this case also, it is possible to display a virtual
image similar to that described above.

Next, when the input image shown in FIG. 7 is input, the
control pattern addition unit 110 compares the calculation
results of the total brightness calculation unit 108 (total
brightness) with the reference value described above. In this
case, since the total brightness is lower than the reference
value, then the control pattern addition unit 110 judges that
the total brightness has decreased, in other words, than the
number of text information images (number of displayed text
characters) has decreased, and adds a control pattern to the
input image in the form of an external frame pattern of high
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brightness (for example, a brightness which is higher than an
intermediate brightness of the input image IS, or a maximum
brightness, such as green or white) which is added about the
outer periphery of the input image, the outer frame pattern
being changed so as to increase the thickness of the outer
frame pattern, whereby an input image in which the outer
frame pattern has been added to the input image shown in
FIG. 7 is obtained.

FIG. 11 is a diagram showing one example of an input
image created by adding an outer frame pattern to the input
image shown in FIG. 7. By the processing described above,
the control pattern addition unit 110 generates an input image
such as that shown in FIG. 11 and outputs this input image to
the diffraction grating pattern generation unit 106, and the
diffraction grating pattern generation unit 106 controls the
spatial modulation element 103 so as to display a diffraction
grating pattern corresponding to the input image having an
added quadrilateral outer frame pattern FP of high brightness
(for example, green or white). As a result of this, a virtual
image of lower brightness than the reference virtual image
displayed when the input image shown in FIG. 7 is used
directly (a virtual image displayed using the input image
shown in FIG. 11) is displayed as the target display image
201. In this way, a small number of text characters is dis-
played at the same brightness as the virtual image corre-
sponding to the input image shown in FIG. 8, and the target
display image 201 can be displayed at the desired brightness.

Furthermore, the control pattern addition unit 110 may
change the outer frame pattern FP so as to reduce the thick-
ness of the outer frame pattern FP when the total brightness
has increased, in other words, when the number of text infor-
mation images (number of displayed text characters) has
increased, and output the input image having a changed outer
frame pattern FP to the diffraction grating pattern generation
unit 106. The diffraction grating pattern generation unit 106
controls the spatial modulation element 103 so as to display a
diffraction grating pattern corresponding to the input image
having a changed outer frame pattern FP. In this case, since a
virtual image having higher brightness than the reference
virtual image displayed when the input image is used directly
is shown as the target display image 201, then a large number
of text characters are displayed at the same brightness as the
virtual image corresponding to the input image shown in FI1G.
11, and the target display image 201 can be displayed at the
desired brightness.

By means of the processing described above, in the present
embodiment, an outer frame pattern FP is added to the outer
peripheral portion of an input image, as shown in FIG. 11, and
when the number of text characters is small, a thicker frame is
displayed and a relatively large number of pixels of high
brightness are displayed, thereby making it possible to dimin-
ish changes in the brightness of the virtual image due to
variations in the number of text characters displayed.

Here, an example is described in which the thickness of the
frame is changed, but it is also possible to change the bright-
ness depending on the number of text characters, while using
a frame pattern of the same thickness. Furthermore, apart
from an outer frame pattern, it is also possible to change the
thickness or brightness of the pattern, similarly to the descrip-
tion above, by means of an underline pattern, or in the lines at
the top and bottom of' the screen only, or in the lines on the left
and right-hand sides of the screen only.

For instance, when changing the brightness of the outer
frame pattern, the control pattern addition unit 110 changes
the outer frame pattern so as to increase the brightness of the
outer frame pattern, when the total brightness has decreased,
in other words, when the number of text information images
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has decreased, and outputs an input image to which this outer
frame pattern has been added, to the diffraction grating pat-
tern generation unit 106. The diftraction grating pattern gen-
eration unit 106 controls the spatial modulation element so as
to display a diffraction grating pattern corresponding to the
input image with the added outer frame pattern. As a result of
this, a virtual image which is of lower brightness than the
reference virtual image displayed when the input image is
used directly, is displayed as the target display image 201. In
this way, a small number of text characters can be displayed at
the same brightness as the virtual image corresponding to the
input image shown in FIG. 8, and therefore it is possible to
reduce change in the brightness of the virtual image due to
variation in the number of displayed text characters.

Furthermore, the control pattern addition unit 110 may
change the outer frame pattern so as to reduce the brightness
of the outer frame pattern when the total brightness has
increased, in other words, when the number of text informa-
tion images (number of displayed text characters) has
increased, and output the input image having a changed outer
frame pattern to the diffraction grating pattern generation unit
106. The diffraction grating pattern generation unit 106 con-
trols the spatial modulation element 103 so as to display a
diffraction grating pattern corresponding to the input image
having a changed outer frame pattern. In this case, since a
virtual image having higher brightness than the reference
virtual image displayed when the input image is used directly
is shown as the target display image 201, then a large number
of text characters are displayed at the same brightness as the
virtual image corresponding to the input image shown in FI1G.
11, and the target display image 201 can be displayed at the
desired brightness.

Furthermore, the control pattern addition unit 110 may
change the outer frame pattern so as to reduce the thickness of
the outer frame pattern or so as to reduce the brightness of the
outer frame pattern, the higher the total brightness, in other
words, the greater the number of text information images
(number of displayed text characters), and so as to increase
the thickness of the outer frame pattern or so as to increase the
brightness of the outer frame pattern, the lower the total
brightness, in other words, the smaller the number of text
information images (number of displayed text characters).
The control pattern addition unit 110 outputs the input image
having an added outer frame pattern to the diffraction grating
pattern generation unit 106, and the diffraction grating pattern
generation unit 106 controls the spatial modulation element
103 so as to display a diffraction grating pattern in accordance
with the input image having an added outer frame pattern. In
this case, it is possible to display text information images at a
uniform brightness, at all times.

Furthermore, the control pattern is not limited in particular
to the example described above and various modifications can
be applied. For example, it is possible to add a text string
image including a prescribed text string relating to the image
display apparatus, such as a unique logo pattern, to the input
image (the text string image is, for instance, an image with a
background of high brightness or maximum brightness, such
as green or white, in which the text string has a low brightness
or minimum brightness, such as black), the size and bright-
ness of the text string image being varied in accordance with
the number of text characters. FIG. 12 is a diagram showing
one example of an input image to which a text string image is
added as a control pattern, when the number of text characters
is small, and FIG. 13 is a diagram showing one example of an
input image to which a text string image is added as a control
pattern when the number of text characters is large.
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For example, when the input image shown in FIG. 8 is
input, the control pattern addition unit 110 compares the
calculation results of the total brightness calculation unit 108
(the total brightness) with a prescribed reference value (for
example, a total brightness when text characters, or the like,
are shown in no less than one half of the display region). In
this case, since the total brightness is greater than the refer-
ence value, then the control pattern addition unit 110 judges
that the total brightness has increased, in other words, that the
number of text information images (number of displayed text
characters) has increased, adds a text string image to the input
image, and changes the text string image so as to make the text
string image smaller, thereby generating an input image such
as that shown in FIG. 13, which is output to the diffraction
grating pattern generation unit 106. The diffraction grating
pattern generation unit 106 controls the spatial modulation
element 103 so as to display a diffraction grating pattern
corresponding to an input image in which a small text string
image forming a logo mark is added in the lower part, and
hence the target display image 201 is displayed at a desired
brightness.

Next, when the input image shown in FIG. 7 is input, the
control pattern addition unit 110 compares the calculation
results of the total brightness calculation unit 108 (total
brightness) with the reference value described above. In this
case, since the total brightness is less than the reference value,
then the control pattern addition unit 110 judges that the total
brightness has decreased, in other words, that the number of
text information images (number of displayed text charac-
ters) has decreased, and changes the text string image so as to
make the text string image larger, thereby generating an input
image such as that shown in FIG. 12, which is output to the
diffraction grating pattern generation unit 106. The diffrac-
tion grating pattern generation unit 106 controls the spatial
modulation element 103 so as to display a diffraction grating
pattern corresponding to the input image to which a large text
string image has been added. As a result of this, a virtual
image (a virtual image displayed by using the input image
shown in FIG. 12) is displayed as the target display image 201
ata brightness which is lower than the reference virtual image
displayed when the input image shown in FIG. 7 is used
directly, a small number of text characters is displayed at the
same brightness as the virtual image corresponding to the
input image shown in FIG. 13, and the target display image
201 can be displayed at a desired brightness.

In the example described above, the size of the text string
image is changed, but the invention is not limited to this
example, and itis also possible to change the brightness of the
text string image. For example, if the text string image is an
image having a background of intermediate brightness, for
example, a green or gray image of intermediate brightness,
and having a text string of low brightness or minimum bright-
ness, such as a black image, then the control pattern addition
unit 110 changes the text string image so as to increase the
brightness of the background of the text string image when
the total brightness has decreased, in other words, when the
number of text information images has decreased, and out-
puts an input image to which this text string image has been
added, to the diffraction grating pattern generation unit 106.
The diffraction grating pattern generation unit 106 controls
the spatial modulation element 103 so as to display a diffrac-
tion grating pattern corresponding to the input image to which
the text string image has been added. In this case, a virtual
image having a lower brightness than a reference virtual
image displayed when the input image is used directly, is
displayed as the target display image 201, and it is possible to
display a small number of text characters at the same bright-
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ness as a virtual image corresponding to an input image
having a large number of text characters, to which a text string
image of reduced brightness has been added.

Furthermore, the control pattern addition unit 110 changes
the text string image so as to reduce the brightness of the
background of the text string image when the total brightness
has increased, in other words, when the number of text infor-
mation images has increased, and outputs the input image to
which this text string image has been added, to the diffraction
grating pattern generation unit 106. The diffraction grating
pattern generation unit 106 controls the spatial modulation
element 103 so as to display a diffraction grating pattern
corresponding to the input image to which the text string
image has been added. In this case, a virtual image having a
higher brightness than a virtual image displayed using an
input image to which a text string image before brightness
reduction has been added, is displayed as the target display
image 201, and it is possible to display a large number of text
characters at the same brightness as a virtual image corre-
sponding to an input image having a small number of text
characters, to which a text string image of increased bright-
ness has been added. As a result of this, change in the bright-
ness of the virtual image due to variation in the number of
displayed text characters can be reduced, and the target dis-
play image 201 can be displayed at a desired brightness.

Furthermore, the control pattern addition unit 110 may
change the text string image so as to make the text string
image smaller or so as to reduce the brightness of the text
string image, the higher the total brightness, in other words,
the greater the number of text information images (number of
displayed text characters), and so as to make the text string
image larger or so as to increase the brightness of the text
string image, the lower the total brightness, in other words,
the smaller the number of text information images (number of
displayed text characters). The control pattern addition unit
110 outputs the input image having the added text string
image to the diffraction grating pattern generation unit 106,
and the diffraction grating pattern generation unit 106 con-
trols the spatial modulation element 103 so as to display a
diffraction grating pattern in accordance with the input image
having the added text string image. In this case, it is possible
to display text information images at a uniform brightness, at
all times.

Furthermore, it is also possible to add a uniform pattern
having a uniform brightness (for example, an intermediate
brightness of the input image) with respect to whole of the
input image, as the control pattern, and to vary the brightness
of this uniform pattern. FIG. 14 is a diagram showing one
example of an input image to which a uniform pattern has
been added as a control pattern, when the number of text
characters is small.

When the input image shown in FIG. 8 is input, the control
pattern addition unit 110 compares the calculation results of
the total brightness calculation unit 108 (the total brightness)
with a prescribed reference value (for example, a total bright-
ness when text characters, or the like, are shown in no less
than one half of the display region). In this case, since the total
brightness exceeds the reference value, then the control pat-
tern addition unit 110 judges that the total brightness is high,
in other words, that the number of text information images
(number of displayed text characters) is large, and outputs the
input image directly to the diffraction grating pattern genera-
tion unit 106 without adding the uniform pattern. The diffrac-
tion grating pattern generation unit 106 in turn controls the
spatial modulation element 103 to display a diffraction grat-
ing pattern, by using the input image directly, and a target
display image 201 corresponding to the input image shown in
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FIG. 8 is displayed at the desired brightness. In the descrip-
tion given above, an example is described in which a uniform
pattern is not added, but it is also possible to add a uniform
pattern having low brightness or minimum brightness (for
example, a black color), and in this case also, it is possible to
display a virtual image similar to that described above.

Next, when the input image shown in FIG. 7 is input, the
control pattern addition unit 110 compares the calculation
results of the total brightness calculation unit 108 (total
brightness) with the reference value described above. In this
case, since the total brightness is less than the reference value,
then the control pattern addition unit 110 judges that the total
brightness has decreased, in other words, that the number of
text information images (number of displayed text charac-
ters) has decreased, and changes the brightness of the uniform
pattern so as to increase the brightness of the uniform pattern,
thereby generating an input image such as that shown in FI1G.
14, which is output to the diffraction grating pattern genera-
tion unit 106. The diffraction grating pattern generation unit
106 controls the spatial modulation element 103 so as to
display a diffraction grating pattern corresponding to the
input image to which a uniform pattern has been added. As a
result of this, a virtual image (a virtual image displayed by
using the input image shown in FIG. 14) is displayed as the
target display image 201 at a brightness which is lower than
the reference virtual image displayed when the input image
shown in FIG. 7 is used directly, a small number of text
characters is displayed at the same brightness as the virtual
image corresponding to the input image shown in FIG. 8, and
the target display image 201 can be displayed at a desired
brightness.

Furthermore, the control pattern addition unit 110 may
change the brightness of the uniform pattern so as to reduce
the brightness of the uniform pattern, the higher the total
brightness, in other words, the greater the number of text
information images (number of displayed text characters),
and so as to increase the brightness of the uniform pattern, the
lower the total brightness, in other words, the smaller the
number of text information images (number of displayed text
characters). The control pattern addition unit 110 outputs the
input image having the added uniform pattern to the diffrac-
tion grating pattern generation unit 106, and the diffraction
grating pattern generation unit 106 controls the spatial modu-
lation element 103 so as to display a diffraction grating pat-
tern in accordance with the input image having the added
uniform pattern. In this case, it is possible to display text
information images at a uniform brightness, at all times.

Furthermore, it is also possible to use a distributed pattern
which is distributed with respect to the whole of the input
image, the brightness in peripheral portions thereof being
lower than the brightness in a central portion of the input
image. FIG. 15 is a diagram showing one example of an input
image to which a distributed pattern has been added as a
control pattern, when the number of text characters is small.

When the input image shown in FIG. 8 is input, the control
pattern addition unit 110 compares the calculation results of
the total brightness calculation unit 108 (the total brightness)
with a prescribed reference value (for example, a total bright-
ness when text characters, or the like, are shown in no less
than one half of the display region). In this case, since the total
brightness exceeds the reference value, then the control pat-
tern addition unit 110 judges that the total brightness is high,
in other words, that the number of text information images
(number of displayed text characters) is large, and outputs the
input image directly to the diffraction grating pattern genera-
tion unit 106 without adding the distributed pattern. The
diffraction grating pattern generation unit 106 in turn controls
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the spatial modulation element 103 to display a diffraction
grating pattern, by using the input image directly, and a target
display image 201 corresponding to the input image shown in
FIG. 8 is displayed at the desired brightness. In the descrip-
tion given above, an example is described in which a distrib-
uted pattern is not added, but it is also possible to add a
distributed pattern having low brightness or minimum bright-
ness (for example, a pattern which changes to black in the
center), and in this case also, it is possible to display a virtual
image similar to that described above.

Next, when the input image shown in FIG. 7 is input, the
control pattern addition unit 110 compares the calculation
results of the total brightness calculation unit 108 (total
brightness) with the reference value described above. In this
case, since the total brightness is less than the reference value,
then the control pattern addition unit 110 judges that the total
brightness has decreased, in other words, that the number of
text information images (number of displayed text charac-
ters) has decreased, and changes the brightness of the distrib-
uted pattern so as to increase the brightness of the central
portion of the distributed pattern, thereby generating an input
image such as that shown in FIG. 15, which is output to the
diffraction grating pattern generation unit 106. The diffrac-
tion grating pattern generation unit 106 controls the spatial
modulation element 103 so as to display a diffraction grating
pattern corresponding to the input image to which a distrib-
uted pattern has been added.

As a result of this, a virtual image (a virtual image dis-
played by using the input image shown in FIG. 15) is dis-
played as the target display image 201 at a brightness which
is lower than the reference virtual image displayed when the
input image shown in FIG. 7 is used directly, a small number
of text characters is displayed at the same brightness as the
virtual image corresponding to the input image shown in FI1G.
8, and the target display image 201 can be displayed at a
desired brightness. Furthermore, since a distributed pattern
such as that shown in FIG. 15 has no outlines in the peripheral
portion, then it has beneficial effects in that the distributed
pattern portion of the virtual image is not readily visible to the
observer.

Furthermore, the control pattern addition unit 110 may
change the brightness of the distributed pattern so as to reduce
the brightness of the central portion of the distributed pattern,
the higher the total brightness, in other words, the greater the
number of text information images (number of displayed text
characters), and so as to increase the brightness of the central
portion of the distributed pattern, the lower the total bright-
ness, in other words, the smaller the number of text informa-
tion images (number of displayed text characters). The con-
trol pattern addition unit 110 outputs the input image having
the added distributed pattern to the diffraction grating pattern
generation unit 106, and the diftraction grating pattern gen-
eration unit 106 controls the spatial modulation element 103
so as to display a diffraction grating pattern in accordance
with the input image having the added distributed pattern. In
this case, it is possible to display text information images at a
uniform brightness, at all times.

As described above, in the present embodiment, the sum
total of the brightnesses of all pixels in the input image (total
brightness) is calculated, and the brightness or size, etc., of a
control pattern can be controlled in accordance with the sum
total of the brightnesses of the pixels in the input image, by
controlling the light output of the light source 101 in accor-
dance with the total brightness or by adding a control pattern
such as a logo mark or outer frame, or the like, to the input
image.
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Furthermore, the method of adding and displaying a con-
trol display pattern described in the present embodiment can
also be combined with the method of controlling the light
output and/or the lighting period of the light source, as
described in the first embodiment. In this case, the light output
control unit 107 controls the light source 101 similarly to the
first embodiment, in coordinated fashion with the control
described above, in such a manner that the brightness of the
target display image 201 assumes a desired brightness. As a
result of this, the control range (dynamic range) of the light
output and/or switching period of the light source is reduced
and more stable control of the brightness can be achieved.

Furthermore, with a combination of control of the light
output and/or the lighting period and control by adding a
control pattern, it is possible to set the control pattern as a
fixed pattern and to add a pattern having a uniform brightness,
regardless of the number of displayed text characters. In this
case also, the minimum brightness of the target display image
is increased by an amount corresponding to the brightness of
the control pattern, the control width (dynamic range) of the
light output and/or switching period of the light source is
reduced, and more stable control of the brightness can be
achieved. Moreover, since the control pattern is not changed,
a beneficial effect is obtained in that the observer is not liable
to experience a sense of incongruity.

Furthermore, the respective examples given above were
described in relation to a method which additionally displays
a control pattern when the input image is text information, but
such a method is also effective when the input image is image
information. The pattern brightness and thickness, etc., was
changed in the various patterns described above, but it is also
possible to extinguish the pattern when the number of text
characters is large.

(Third Embodiment)

FIG. 16 is a schematic drawing showing a composition of
an image display apparatus according to a third embodiment
of the present invention. Constituent elements of the image
display apparatus shown in FIG. 16 which are the same as the
image display apparatus shown in FIG. 1 are not described
here.

The characteristic features of the image display apparatus
in FIG. 16 are that the control circuit 105 shown in FIG. 1is
changed to a control circuit 105¢, an image adjustment unit
111 is added to the control circuit 105¢, and a light shielding
section 150 which shields a portion of the light emitted from
the spatial modulation element 103 is added. The image
adjustment unit 111 adds a light shielding pattern which
generates light directed towards the light shielding section
150, to the input image IS, and outputs the image to the
diffraction grating pattern generation unit 106. The diffrac-
tion grating pattern generation unit 106 controls the spatial
modulation element 103 so as to display a diffraction grating
pattern corresponding to the input image to which the light
shielding pattern has been added. The light output control unit
107 operates similarly to the second embodiment, and in
order to simplify the description, it is supposed that only
normal light source control is carried out in the present
embodiment.

The image display apparatus shown in FIG. 16 is com-
posed in such a manner that the light directed at the light
shielding section 150 is directed towards one point P1 which
is situated to the front side of the spatial modulation element
103 (on the side of the observer 104). This corresponds to
adding a dot-shaped control display pattern situated at one
point P1 in front of the spatial modulation element 103, to the
target display image 201.
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By means of the composition described above, the image
adjustment unit 111 changes the light shielding pattern in
accordance with the total brightness calculated by the total
brightness calculation unit 108 and adds this light shielding
pattern to the input image IS, and the spatial modulation
element 103 displays a diffraction grating pattern on which a
light shielding pattern that diffracts and generates light
directed towards the light shielding section 150 is superim-
posed.

More specifically, if the target display image 201 includes
a large number of points of high brightness, in other words, if
the total brightness calculated by the total brightness calcu-
lation unit 108 has increased, then the image adjustment unit
111 adds a light shielding pattern which reduces the light
directed towards the light shielding section 150, to the input
image IS, and outputs the image to the diffraction grating
pattern generation unit 106. The diffraction grating pattern
generation unit 106 controls the spatial modulation element
103 so as to display a diffraction grating pattern correspond-
ing to the input image to which the light shielding pattern has
been added, and the spatial modulation element 103 displays
a diffraction grating pattern which further reduces the light
directed towards the light shielding section 150.

On the other hand, if the number of points of high bright-
ness in the target display image 201 is small, in other words,
if the total brightness calculated by the total brightness cal-
culation unit 108 has decreased, then the image adjustment
unit 111 adds a light shielding pattern which increases the
light directed towards the light shielding section 150, to the
input image IS, and outputs the image to the diffraction grat-
ing pattern generation unit 106. The diffraction grating pat-
tern generation unit 106 controls the spatial modulation ele-
ment 103 so as to display a diffraction grating pattern
corresponding to the input image to which the light shielding
pattern has been added, and the spatial modulation element
103 displays a diffraction grating pattern which further
increases the light directed towards the light shielding section
150.

By means of the operation described above, in the present
embodiment, the amount of light which is shielded by the
light shielding section 150 and is not seen by the observer is
increased when the total brightness has decreased, and there-
fore a virtual image is displayed as a target display image 201
ata brightness which is lower than the reference virtual image
displayed when the input image is used directly. As a result of
this, brightness changes occurring in the target display image
201 are suppressed and a virtual image can be displayed at a
desired brightness, without being affected by variations in the
number of pixels of high brightness in the input image.

In FIG. 16, an example is described in which the light
shielding pattern is a point light source situated in front of the
spatial modulation element 103, but the light shielding pat-
tern may also be on the same side of the spatial modulation
element 103 as the target display image 201, or may be any
pattern other than a point light source. A composition in
which a light shielding pattern is situated on the side of the
observer is advantageous in that the size of the light shielding
section 150 may be small.

Furthermore, desirably, light which is generated by the
light shielding pattern and is directed towards the light shield-
ing section 150 is zero-order light which is not diffracted by
the spatial modulation element 103. Furthermore, the light
directed towards the light shielding section 150 may also be a
prescribed pattern which does not change with the total
brightness of the target display image.

FIG. 17 is a schematic drawing showing a further compo-
sition of an image display apparatus according to a third
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embodiment of the present invention. The points of difference
of'the image display apparatus shown in FIG. 17 with respect
to the image display apparatus shown in FIG. 16 are that a
frame body 160 is added and a portion of the frame body 160
functions as a light shielding section 150. Points other than
these are similar to the image display apparatus shown in FIG.
16 and are not described in detail below, a detailed description
being given below only for the points of difference.

Conventionally, in an image display apparatus, unwanted
diffracted light occurs in accordance with the pixel pitch of
the spatial modulation element and scattered light occurs
from soiling on the surface of the optical elements of the
illumination optics system, and the like, and from the holding
members which hold the optical elements, and so on. The
image display apparatus shown in FIG. 17 is composed in
such a manner that, principally, the light source 101, the
illumination optics system 102, the spatial modulation ele-
ment 103, and the like, are covered with a light shielding
frame body 160, in such a manner that observation of a virtual
image is performed through an observation window 161
which is provided in the frame body 160.

More specifically, the frame body 160 is formed in a sub-
stantial parallelepiped shape, a substantially rectangular
observation window 161 is formed in one surface of the frame
body 160 on the side of the observer 104, and a lower side
portion of the observation window 161 constitutes a light
shielding section 150. In this way, by constituting the light
shielding section 150 from a portion of the frame body 160, it
is possible to form a light shielding section 150 by means of
a simple composition.

Furthermore, with respect to the arrangement of the light
shielding section 150, as in FIG. 17, the light shielding sec-
tion 150 is desirably arranged in the vicinity of the direction
oftravel of the light RL. which arises from incident light IL. on
the spatial modulation element 103 which is reflected rather
than being diffracted by the spatial modulation element 103.
In this arrangement, the light shielding section 150 is simul-
taneously able to shield the reflected light RL at the spatial
modulation element 103, also, and therefore image display
having little noise becomes possible, using a simpler compo-
sition.

Beneficial effects in suppressing change in brightness due
to variation in the input image have been described above, but
the brightness control method described in relation to the first
to third embodiments may control the brightness on the basis
of the luminosity of the surrounding area. Furthermore, in
FIG. 1, FIG. 5, FIG. 6, FIG. 10, FIG. 16 and FIG. 17 which
were described in relation to the first to third embodiments,
the shape of a non-portable image display apparatus is
depicted, but similar beneficial effects to the foregoing are
also displayed with other more compact compositions. The
method of controlling the brightness on the basis of the lumi-
nosity of the surrounding area is especially useful in a see-
through type of head-mounted display.

Furthermore, the respective embodiments described above
are examples and needless to say, various modifications can
be applied within a range that does not depart from the
essence of the invention. Moreover, it is of course also pos-
sible to use a suitable combination of the constituent elements
of the respective embodiments described above, or modified
constituent elements thereof.

The respective modes of the present invention can be
described as follows on the basis of the respective embodi-
ments described above. More specifically, the image display
apparatus relating to one aspect of the present invention
includes: a light source which emits coherent light; a spatial
modulation element which diffracts the coherent light by
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displaying a diffraction grating pattern corresponding to an
input image and which displays a virtual image by the dif-
fracted light; and a control unit which calculates a total bright-
ness representing a sum total of brightnesses of all pixels of
the input image, and controls at least one of the light source
and the spatial modulation element in such a manner that, if
the total brightness has decreased, the virtual image is dis-
played at a lower brightness than a reference virtual image
displayed when the input image is used directly.

In this image display apparatus, at least one of the light
source and the spatial modulation element is controlled in
such a manner that a virtual image is displayed at a lower
brightness than the reference virtual image displayed when
the input image is used directly, if the total brightness has
decreased, and therefore a virtual image is displayed by light
diffracted by the spatial modulation element and it is possible
to control the brightness of the virtual image in accordance
with the sum total of the brightnesses of all of the pixels of the
input image, and a virtual image can be displayed at a desired
brightness without being affected by variation in the number
of pixels having a high brightness in the input image.

Desirably, the image display apparatus further includes: a
light shielding section which shields a portion of light emitted
from the spatial modulation element, wherein the control unit
adds a light shielding pattern that generates light directed
towards the light shielding section, to the input image, and
controls the spatial modulation element so as to display a
diffraction grating pattern corresponding to the input image
to which the light shielding pattern has been added.

In this case, since a light shielding pattern which generates
light directed towards the light shielding section is added to
the input image and the spatial modulation element is con-
trolled so as to display a diffraction grating pattern corre-
sponding to the input image to which the light shielding
pattern has been added, then a diffraction grating pattern
having a reduced amount of light directed towards the light
shielding section is displayed and the brightness of the virtual
image viewed by the observer can be increased, when the total
brightness has increased, whereas a diffraction grating pat-
tern having an increased amount of light directed towards the
light shielding section is displayed and the brightness of the
virtual image viewed by the observer can be reduced, when
the total brightness has decreased. As a result of this,
unwanted brightness changes occurring in the virtual image
are suppressed and a virtual image can be displayed at a
desired brightness, without being affected by variations in the
number of pixels of high brightness in the input image.

Desirably, the light generated by the light shielding pattern
includes zero-order diffraction light which is emitted from
the spatial modulation element.

Inthis case, since the zero-order diftracted light is reflected
rather than being diffracted by the spatial modulation ele-
ment, then it is possible to display a virtual image having little
noise, by shielding this reflected light.

Desirably, when the total brightness has decreased, the
control unit enlarges a partial image of high brightness con-
stituting the input image, and controls the spatial modulation
element so as to display a diffraction grating pattern corre-
sponding to the input image in which the partial image has
been enlarged.

In this case, since a diffraction grating pattern correspond-
ing to an input image in which the partial image of high
brightness has been enlarged is displayed, when the total
brightness has decreased, then it is possible to display a
virtual image at a lower brightness than the reference virtual
image displayed when the input image is used directly, and
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therefore a virtual image can be displayed at a desired bright-
ness, even if the number of pixels of high brightness in the
input image has decreased.

Desirably, the input image includes a plurality of text infor-
mation images representing text characters as the partial
image, and when the number of the text information images
has decreased, the control unit changes a font size of the text
information images in such a manner that the font size of the
text information images becomes larger and controls the spa-
tial modulation element so as to display a diffraction grating
pattern corresponding to the input image in which the text
information images have been changed.

In this case, since a diffraction grating pattern correspond-
ing to an input image in which the font size of the text
information images has been changed so as to become larger
is displayed, when the number of text information images has
decreased, then it is possible to display a virtual image at a
lower brightness than the reference virtual image displayed
when the input image is used directly, and therefore a virtual
image can be displayed at a desired brightness, even if the
number of text information images of high brightness in the
input image has decreased.

Desirably, the input image includes a plurality of text infor-
mation images representing text characters as the partial
image, and when the number of the text information images
has decreased, the control unit changes a font of the text
information images in such a manner that the font of the text
information images becomes thicker and controls the spatial
modulation element so as to display a diffraction grating
pattern corresponding to the input image in which the text
information images have been changed.

In this case, since a diffraction grating pattern correspond-
ing to an input image in which the font of the text information
images has been changed so as to become thicker is dis-
played, when the number of text information images has
decreased, then it is possible to display a virtual image at a
lower brightness than the reference virtual image displayed
when the input image is used directly, and therefore a virtual
image can be displayed at a desired brightness, even if the
number of text information images of high brightness in the
input image has decreased.

Desirably, when the total brightness has decreased, the
control unit adds a control pattern to the input image in such
a manner that the virtual image is displayed at a lower bright-
ness than the reference virtual image, and controls the spatial
modulation element so as to display a diffraction grating
pattern corresponding to the input image to which the control
pattern has been added.

In this case, since a control pattern is added to the input
image and a diffraction grating pattern corresponding to the
input image to which the control pattern has been added is
displayed, in such a manner that the virtual image is displayed
at a lower brightness than the reference virtual image, if the
total brightness has decreased, then it is possible to display a
virtual image at a lower brightness than the reference virtual
image displayed when the input image is used directly, and
therefore a virtual image can be displayed at a desired bright-
ness, even if the number of pixels of high brightness in the
input image decreases.

Desirably, the control pattern includes an outer frame pat-
tern of high brightness which is added at an outer periphery of
the input image, and when the total brightness has decreased,
the control unit changes the outer frame pattern in such a
manner that a thickness of the outer frame pattern is
increased, or in such a manner that a brightness of the outer
frame pattern is increased, and controls the spatial modula-
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tion element so as to display a diffraction grating pattern
corresponding to the input image in which the outer frame
pattern has been changed.

In this case, when the total brightness has decreased, an
outer frame pattern having a high brightness is added to the
input image, the outer frame pattern is changed so as to
increase the thickness of the outer frame pattern or so as to
increase the brightness of the outer frame pattern, and a
diffraction grating pattern corresponding to the input image
having a changed outer frame pattern is displayed, and there-
fore it is possible to display a virtual image at a lower bright-
ness than a reference virtual image displayed when the input
image is used directly, and a virtual image can be displayed at
a desired brightness, even if the number of pixels of high
brightness has decreased.

Desirably, the control pattern includes a text string image
containing a prescribed text string relating to the image dis-
play apparatus, and when the total brightness has decreased,
the control unit changes the text string image in such a manner
that the text string image becomes larger, or in such a manner
that a brightness of the text string image is increased, and
controls the spatial modulation element so as to display a
diffraction grating pattern corresponding to the input image
in which the text string image has been changed.

In this case, since the text string image is changed so as to
make the text string image larger or so as to increase the
brightness of the text string image, when the total brightness
has decreased, and a diffraction grating pattern corresponding
to an input image having a changed text string image is
displayed, then it is possible to display a virtual image at a
lower brightness than the reference virtual image displayed
when the input image is used directly, and therefore a virtual
image can be displayed at a desired brightness, even if the
number of pixels of high brightness in the input image has
decreased.

Desirably, the control pattern includes a uniform pattern
having a uniform brightness with respect to the whole of the
input image, and when the total brightness has decreased, the
control unit changes a brightness of the uniform pattern in
such a manner that the brightness of the uniform pattern is
increased, and controls the spatial modulation element so as
to display a diffraction grating pattern corresponding to the
input image in which the brightness of the uniform pattern has
been changed.

In this case, since the brightness of the uniform pattern is
changed so as to increase the brightness of the uniform pat-
tern, when the total brightness has decreased, and a diffrac-
tion grating pattern corresponding to an input image having a
changed brightness of the uniform pattern is displayed, then it
is possible to display a virtual image at a lower brightness
than the reference virtual image displayed when the input
image is used directly, and therefore a virtual image can be
displayed at a desired brightness, even if the number of pixels
of high brightness in the input image has decreased.

Desirably, the control pattern includes a distributed pattern
which is distributed with respect to the whole of the input
image, a brightness of peripheral portions being lower than a
brightness of a central portion of the input image, and when
the total brightness has decreased, the control unit changes a
brightness of the distributed pattern in such a manner that the
brightness of the central portion of the distributed pattern is
increased, and controls the spatial modulation element so as
to display a diffraction grating pattern corresponding to the
input image in which the brightness of the distributed pattern
has been changed.

In this case, since the brightness ofthe distributed pattern is
changed so as to increase the brightness of the central portion
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of the distributed pattern, when the total brightness has
decreased, and a diffraction grating pattern corresponding to
an input image having a changed brightness of the uniform
pattern is displayed, then it is possible to display a virtual
image at a lower brightness than the reference virtual image
displayed when the input image is used directly, and therefore
avirtual image can be displayed at a desired brightness, even
if the number of pixels of high brightness in the input image
has decreased.

Desirably, the control unit controls an output of the light
source in accordance with the total brightness.

Inthis case, since the output of the light source is controlled
in accordance with the total brightness, it is possible to con-
trol the brightness of the virtual image in accordance with
change in the total brightness, and the virtual image can be
displayed at a desired brightness without being affected by
variation in the number of pixels having high brightness in the
input image.

Desirably, the control unit controls a lighting period of the
light source in accordance with the total brightness.

In this case, since the lighting period of the light source is
controlled in accordance with the total brightness, it is pos-
sible to control the brightness of the virtual image in accor-
dance with change in the total brightness, and the virtual
image can be displayed at a desired brightness without being
affected by variation in the number of pixels having high
brightness in the input image.

Desirably, the image display apparatus further includes an
illumination light optics system which converts the coherent
light from the light source into illumination light and emits
the illumination light to the spatial modulation element.

In this case, since the wave front shape or the intensity
distribution of the coherent light from the light source is
changed by the illumination optics system, then it is possible
to irradiate illumination light suited to the display of the
virtual image, onto the spatial modulation element.
Industrial Applicability

The image display apparatus relating to the present inven-
tion is useful as a display apparatus, such as an HMD (head-
mounted display), or the like, which has a spatial modulation
element which diffracts coherent light, situated close to the
eye, and in which the spatial modulation element displays a
diffraction grating pattern and diffracted light from the spatial
modulation element reaches an expected position of an eye.
Furthermore, the present invention can also be applied to a
display system, a display method, a display apparatus design
method, and the like.

The invention claimed is:

1. An image display apparatus, comprising:

a light source which emits coherent light;

a spatial modulation element which diffracts the coherent
light by displaying a diffraction grating pattern corre-
sponding to an input image and which displays a virtual
image by the diftracted light; and

a control unit which calculates a total brightness represent-
ing a sum total of brightnesses of all pixels of the input
image, and controls at least one of the light source and
the spatial modulation element in such a manner that, if
the total brightness has decreased, the virtual image is
displayed at a lower brightness than a reference virtual
image displayed when the input image is used directly,

wherein, when the total brightness has decreased, the con-
trol unit adds a control pattern, which includes an image
different from the input image, to the input image in such
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a manner that the virtual image is displayed at a lower
brightness than the reference virtual image, and controls
the spatial modulation element so as to display a diffrac-
tion grating pattern corresponding to the input image to
which the control pattern has been added.

2. The image display apparatus according to claim 1,

wherein the control pattern includes an outer frame pattern

of high brightness which is added at an outer periphery
of the input image, and

when the total brightness has decreased, the control unit

changes the outer frame pattern in such a manner that a
thickness of the outer frame pattern is increased, or in
such a manner that a brightness of the outer frame pat-
tern is increased, and controls the spatial modulation
element so as to display a diffraction grating pattern
corresponding to the input image in which the outer
frame pattern has been changed.

3. The image display apparatus according to claim 1,

wherein the control pattern includes a text string image

containing a prescribed text string relating to the image
display apparatus, and

when the total brightness has decreased, the control unit

changes the text string image in such a manner that the
text string image becomes larger, or in such a manner
that a brightness of the text string image is increased, and
controls the spatial modulation element so as to display
a diffraction grating pattern corresponding to the input
image in which the text string image has been changed.

4. The image display apparatus according to claim 1,

wherein the control pattern includes a uniform pattern hav-

ing a uniform brightness with respect to the whole of the
input image, and

when the total brightness has decreased, the control unit

changes a brightness of the uniform pattern in such a
manner that the brightness of the uniform pattern is
increased, and controls the spatial modulation element
so as to display a diffraction grating pattern correspond-
ing to the input image in which the brightness of the
uniform pattern has been changed.

5. The image display apparatus according to claim 1,

wherein the control pattern includes a distributed pattern

which is distributed with respect to the whole of the
input image, a brightness thereof in peripheral portions
being lower than a brightness in a central portion of the
input image, and

when the total brightness has decreased, the control unit

changes a brightness of the distributed pattern in such a
manner that the brightness of the central portion of the
distributed pattern is increased, and controls the spatial
modulation element so as to display a diffraction grating
pattern corresponding to the input image in which the
brightness of the distributed pattern has been changed.

6. The image display apparatus according to claim 1,
wherein the control unit controls an output of the light source
in accordance with the total brightness.

7. The image display apparatus according to claim 1,
wherein the control unit controls a lighting period of the light
source in accordance with the total brightness.

8. The image display apparatus according to claim 1, fur-
ther comprising an illumination optics system which converts
the coherent light from the light source into illumination light
and emits the illumination light to the spatial modulation
element.



